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HOLE FILLING USING AN ETCHED HOLE-FILL STAND-OFF 

This is a continuation-in-part of U.S. Application No. 09/752503, filed December 28, 
2000, which claims the benefit of U.S. Provisional Application No. 60/208456, filed May 
31, 2000. A related application having a similar title and the same inventors as this 
5 application is being filed concurrently. All of the foregoing applications are herein 
incorporated by reference in their entireties. 

Field of The Invention 

The field of the invention is the filling of electronic substrate vias and through holes. 

$Z Background of The Invention 

5 1 0 Electronic substrates such as printed wiring boards and interconnects often comprise 

SfSt 

O plated vias and thru-holes. These holes (the terms "hole" and "holes" will often be used 

U herein to refer to both vias and thru-holes if the text is applicable to both vias and thru-holes) 

m are often filled with a conductive paste or other fill material, typically by forcing the material 

O into the hole from one end of the hole. For the sake of this disclosure, the end of a hole 

h 1 5 through which fill material enters the hole will be referred to as the "entrance", and the 

J5 opposite end of the hole as the "exit". 

When filling holes, it is important that the exits of the holes not be in contact with 
any surface that will later be removed from the substrate before the fill material sets or cures. 
Thus, if one side of the substrate is resting on a tooling plate during the fill process, there 
20 should be some separation between the tooling plate and the exit of the hole in order to 
prevent material drag-out as the substrate is removed from the tooling plate. 

However, such separation is not always easy to achieve. Substrates tend to be 
relatively flexible, and the filling process often exerts a downward force on the substrate. 
Thus, any mechanism used to provide the required separation must be adequate to maintain 
25 that separation while pressure is applied to the substrate. Providing proper separation is 

made more difficult because of the need to be able to handle a large number of different hole 
patterns as utilizing a single stand-off for multiple hole-patterns runs the risk of having 
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portions of the stand-off intended to support the substrate positioned directly beneath a hole 
to be filled. 

One method of supporting a substrate during filling is to provide a tooling plate or 
other support having through holes formed in it, placing the substrate to be filled on top of 
5 such a support in a manner that the holes to be filled align with through holes of the support, 
and filling the through holes. Examples of such supports and their use can be found in 
US6276055, US6282782, and GB2246912. Unfortunately, known supports tend to be 
inadequate in applications where a substrate comprises a larger number of holes having 
minimum separation between holes such as in a grid-array arrangement. In such an 
Z 1 0 application, one might simply remove an entire area of the support corresponding to the area 
O containing the holes, but doing so would leave that area of the substrate unsupported. 

A Moreover, even if the support comprises individual holes rather than a removed area, there is 

fT a chance that the support will distort under the pressures applied during filling with a 

© corresponding misalignment between the through holes of the support and the holes of the 

O 1 5 substrate. Known supports are often relatively expensive to manufacture as well. 

l J , Thus, there is a continuing need for improved methods and devices to facilitate hole 

Gj filling. 

Summary of the Invention 

An assembly is disclosed that includes an etched hole-fill standoff; a tooling plate 
20 contacting the etched hole-fill stand-off, the stand-off and tooling plate being aligned to each 
other; a device having holes to be filled removably contacting the stand-off, the stand-off 
and device being aligned to each other; the device and the stand-off each having at least one 
hole, the hole of the device being aligned with the hole of the stand-off. An assembly 
comprising an etched hole-fill standoff, the stand-off comprising an etched layer bonded to a 
25 non-etched layer. A method of filling holes in a substrate having a plurality of holes of be 
filled that includes the steps of providing an etched hole-fill stand-off, aligning the stand-off 
to a tooling plate, aligning the substrate to the stand off and placing the substrate in contact 
with the stand-off, and filling the plurality of holes of the substrate. 
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It is contemplated that the devices and methods disclosed herein will enable the 
manufacture of multiple stand-offs in much the same manner as printed circuit boards are 
processed, without requiring the drilling of over-sized holes in a blank substrate. In 
particular, the use of a printed wiring board ("PWB") laminate to form stand-offs for filling 
5 PWB's eliminates the need to purchase additional materials for the stand-offs, and 

eliminates the need for any special handling equipment directed to forming the stand-offs. It 
is also contemplated that the use of a PWB laminate and an etch based formation method 
permits better utilization of under utilized etching equipment rather than requiring the use of 
typically over utilized drills and routers. 

1 0 Using an etched copper stand-off is contemplated to allow sufficient control over the 

formation of the stand-off to allow the stand-off to provide adequate support to a substrate 
even when adjacent holes of the substrate have minimal separation between them. 

It is also contemplated that providing a stand-off in which an etched layer is bonded 
to a non-etched layer will help minimize the chance of distortion of the etched layer during 
15 use. 

Various objects, features, aspects and advantages of the present invention will 
become more apparent from the following detailed description of preferred embodiments of 
the invention, along with the accompanying drawings in which like numerals represent like 
components. 

20 Brief Description of The Drawings 

Fig. 1 is a partial cutaway side view of a fill mechanism and and an assembly of the 
present invention. 

Fig. 2 is a top view of a standoff according to the present invention. 
Detailed Description 

25 In figure 1 , an assembly 1 includes a stand-off 1 0 comprising a double sided laminate 

having copper layers 1 1 and 12 on opposite sides of a dielectric core 13. Preferably, layer 1 1 
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is patterned, and layer 12 is a substantially solid plane. Layers 1 1 and 12 comprise tooling 
slots 14, tooling pin holes 15, and fill material receiving holes 16 that are essentially 
oversized holes. A tooling plate assembly 20 includes alignment pins 21 and tooling plate 
23, and alignment pin receiving holes 24. A printed wiring board ("PWB") 30 includes 
5 tooling pins 31, tooling pin holes 35, and holes 36 as well as core 33 and copper layers 31 
and 32. A filling mechanism/head 40 is shown filling holes 36 with fill material 41 . For 
holes 36 already filled with fill material 41, a portion of fill material 41 extends into holes 
16. Figure 2 shows an etched stand-off similar to stand-off 10 of figure 1 having tooling 
slots 14 and tooling pin holes 15. 

H 10 Stand-off 1 0 is preferably formed from Q-stock (double sided laminate material) 

J3 having 5- 1 0 oz. copper (layers 1 1 and 1 2) on both sides, or by laminating Vi- 1 2 oz. copper 

£ foil on both sides (layers 1 1 and 12) of G-10 or other substrate base material. Such a copper 

H clad laminate is imaged using a modified version of art-work derived from a drill-file 

£ program of a particular PWB part number, and layer number (depending on which layers of 

% 1 5 a PWB are designated for drill). The holes within the pattern are imaged to .005"-. 1 00" per 
If side, oversized from a stated finished diameter for each hole. The panel is then run through 

IJj developers to form the pattern to be etched. The panel is then placed in an etch tank or 

m processed through a conveyorized etcher to remove the copper from the areas not protected 

by the developed resist pattern on the stand-off panel, followed by stripping the resist from 
20 the panel and subsequent cleaning. Tooling holes are then drilled or routed into the panel 
before releasing it for use in the hole fill process. It should be noted that one can also plate 
up the copper thickness to unlimited thickness if required, and that small relief holes could 
be drilled using the existing drill program for each particular part number. 

Tooling plate 23 can comprise any suitable supporting surface. Although the figure 
25 shows the use of pins 21 to align and affix stand-off 10 to tooling plate 23, any suitable 
means may be used to align and/or couple stand-off 10 to tooling plate 23. 

In the preferred embodiment of figure 1, PWB 30 rests on top of stand-off 10 but is 
only bonded to stand-off 1 0 by pins 3 1 . Similarly, stand-off 1 0 preferably rests on tooling 
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plate 23, but is only bonded to tooling plate 23 by pins 21 . In less preferred embodiments, 
stand-off 10 may be bonded, either temporarily or permanently to tooling plate 23, and/or 
may be temporarily bonded to PWB 30. 

Although the figure shows assembly 1 as comprising a printed wiring board 30, any 
5 substantially planar device having holes to be filled could be used in place of printed wiring 
board 30 as long as the device and the stand-off 10 are adapted to be coupled to and aligned 
with each other so as to assure proper alignment between the pattern on stand-off 10 and the 
pattern on the device being filled. 

Stand-off 1 0 may be advantageously used in conjunction with a hole-fill method that 
O 1 0 includes: providing stand-off 1 0; aligning the stand-off to a tooling plate; aligning the 
J substrate to the stand-off and placing the substrate in contact with the stand-off; and filling 

J the plurality of holes of the substrate. In such a method, it is preferred that providing an 

etched hole-fill stand-off comprises forming the stand-off previously described. As an 

If! 

■T example, it may be formed by imaging a copper clad laminate with an image similar to that 

S 1 5 used to image a surface of the substrate, and subjecting the imaged laminate to develop-etch- 

strip processing to form a pattern in a copper surface of the laminate, the pattern having a 
O plurality of holes, each of the plurality of holes corresponding to a hole to be filled of the 

substrate, the laminate holes being at least slightly larger in diameter than their 
corresponding substrate holes. The foregoing method would typically also comprise filling 
20 the through holes of the substrate with a fill material such that the fill material extends at 
least partially into the holes of the stand-off, and removing the substrate from the stand-off 
wherein substantially all of the fill material extending into the stand-off remains after 
removal of the stand-off. 

An image "similar" to that used on a surface of the substrate being filled will likely 
25 have the same pattern of through holes but with the through holes having a larger diameter 
than provided for in the pattern for the substrate. 
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It is contemplated that the methods and devices disclosed herein are particularly 
advantageous when used with a device such as PWB 30 wherein the artwork used to 
determine the locations of the various holes is available in a form that permits it to be easily 
modified and re-used to form the similar pattern on stand-off 10. 

5 It is contemplated that assembly 1 may be advantageously used when tooling plate 23 

and stand-off 10 are part of a hole fill system that also comprises a pressurized fill head such 
as fill head 40 of figure 1 . 

Thus, specific embodiments and applications of etched hole-fill stand-offs have been 
disclosed. It should be apparent, however, to those skilled in the art that many more 
£ 1 0 modifications besides those already described are possible without departing from the 
O inventive concepts herein. The inventive subject matter, therefore, is not to be restricted 

6 except in the spirit of the appended claims. Moreover, in interpreting both the specification 

H and the claims, all terms should be interpreted in the broadest possible manner consistent 

O with the context. In particular, the terms "comprises" and "comprising" should be 

13 1 5 interpreted as referring to elements, components, or steps in a non-exclusive manner, 
S indicating that the referenced elements, components, or steps may be present, or utilized, or 

!! combined with other elements, components, or steps that are not expressly referenced. 



